Introduction
Bacillus species are widely distributed in nature. Bacillus cereus, a gram-positive, rod-shaped, spore-forming aerobe found commonly in soil and many other sources, is a cause thuringiensis isolated from clinical material other than feces and vomitus was commonly dismissed as a contamination. However, recent reports suggest that Bacillus species causes nosocomial bacteremia via catheter infection (6) and Bacillus species can form biofilm (7, 8) . Although bacterial biofilms are a common cause of persistent and chronic bacterial infections (9) , it is not clear whether the Bacillus species that causes nosocomial bacteremia can also form biofilms. The aim of this study was to investigate the relationship between biofilm formations and nosocomial bacteremia caused by Bacillus species. 
Materials and Methods

Bacterial strains and patients
SEM analysis of the biofilm
After an incubation of 24 hours, the biofilm formation by Bacillus cereus isolates from the patient's blood was observed by scanning electron microscopy (SEM) (13) . In a typical experiment, coverslips were fixed in a 2% osmium 0.1M Na cacodylate buffer for 1.5 hour, dehydrated with ethanol washes, and dried with a critical point dryer to preserve the biofilm structure. The processed coverslips were then mounted on stubs using colloidal silver and were sputter-coated with gold palladium. (Fig. 2) . The PFGE pattern of one B. cereus isolate from a steamed towel was similar to those of 2 B. cereus isolates from the blood of patients 3 and 4, yet at a different period in hospital 1 (Fig. 1) . The PFGE pattern of 2 B. thuringiensis isolates from a sink in the nurse center and an alcoholic cotton pot was similar to that of 2 B. thuringiensis isolates from the blood of patients 19 and 20 (Fig. 2). T a b l e 1 . S o u r c e a n d Da t e o f B a c i l l u s c e r e u s a n d B a c i l l u s t h u r i e n g e n s i s i n Ho s p i t a l 1 a n d 2 l m a s s a y i n 2 2 B a c i l l u s c e r e u s i s o l a t e s f r o m t h e b l o o d o f 1 8 p a t i e n t s i n  h o s p i t a l 1 . T h e me a n OD6 0 0 we r e 0 . 2 7 ( r a n g e : 0 -0 . 9 9 ) a t 2 4 h o u r s a n d 0 . 7 2 ( r a n g e : 0 . 0 6 -2 . 4 1 ) a t 3  d a y s . T h e b i o f i l m f o r ma t i o n b y B . c e r e u s i s o l a t e s a s s o c i a t e d wi t h n o s o c o mi a l b a c t e r e mi a wa s v a ri e d , b u t mo s t B . c e r e u s s t r a i n s h a d t h e a b i l i t y t o f o r m b i o f i l m e v e n a t 2 4 h o u r s . (Fig. 3) . SEM showed that B. cereus isolates from patient blood aggregated and formed communities on a coverslip, which meant these organisms could form biofilm (Fig. 4). F i g u r e 4 . B i o f i l m f o r ma t i o n b y B a c i l l u s c e r e u s i s o l a t e s f r o m p a t i e n t b l o o d b y S E M ( d a y 1 , A:  × 2 , 3 0 0 , B : × 1 0 , 0 0 0 ) . S E M s h o we d t h a t B . c e r e u s i s o l a t e s a s s o c i a t e d wi t h n o s o c o mi a l b a c t e r e mi a a g  g r e g a t e d a n d f o r me d c o mmu n i t i e s o n a c o v e r s l i 
Results
Interpretation of PFGE
F i g u r e 1 . P F GE p a t t e r n s o f S ma I -d i g e s t e d DNA f r o m 2 5 B . c e r e u s i s o l a t e s f r o m b l o o d ( 2 2 s t r a i n s ) , c a t h e t e r t i p ( o n e s t r a i n ) a n d h o s p i t a l e n v i r o n me n t ( 2 s t r a i n s ) i n h o s p i t a l 1 . T we n t y -f i v e B . c e r e u s s t r a i n s h a d 1 5 P F GE p a t t e r n s ( A t o O) wi t h n o p r e d o mi n a n t p a t t e r n . B . c e r e u s we r e r e p e a te d l y d e t e c t e d f r o m t h e b l o o d o f p a t i e n t s 2 , 7 a n d 1 4 , a n d t h e P F GE p a t t e r n s o f B . c e r e u s i s o l a t e s f r o m p a t i e n t s 2 ( s t r a i n n o s . 2 , 3 a n d 4 ) a n d 1 4 ( s t r a i n n o s . 1 8 a n d 1 9 ) we r e s i mi l a r , r e s p e c t i v e l y . T h e P F GE p a t t e r n o f B . c e r e u s i s o l a t e f r o m t h e c a t h e t e r t i p o f p a t i e n t 5 ( s t r a i n n o . 8 ) wa s d i f f e r e n t f r o m t h a t f r o m t h e b l o o d ( s t r a i n n o . 7 ) , a n d t h e P F GE p a t t e r n o f o n e B . c e r e u s i s o l a t e f r o m a s t e a me d t o we l ( s t r a i n n o . 2 4 ) wa s s i mi l a r t o t h a t f r o m t h e b l o o d o f p a t i e n t s 3 a n d 4 ( s t r a i n n o s . 5 a n d 6 ) . M: Mo l e c u l a r s i z e ma r k e r
F i g u r e 2 . P F GE p a t t e r n s o f S ma I -d i g e s t e d DNA f r o m 7 B . t h u r i n g i e n s i s i s o l a t e s f r o m b l o o d ( 2 s t r a i n s ) , c a t h e t e r t i p ( o n e s t r a i n ) a n d h o s p i t a l e n v i r o n me n t ( 4 s t r a i n s ) , a n d 7 B . c e r e u s i s o l a t e s f r o m b l o o d ( o n e s t r a i n ) , c a t h e t e r t i p ( 4 s t r a i n s ) a n d h o s p i t a l e n v i r o n me n t ( 2 s t r a i n s ) i n h o s p i t a l 2 . T h e P F GE p a t t e r n o f B . t h u r i n g i e n s i s i s o l a t e f r o m a s i n k i n n u r s e c e n t e r a n d a n a l c o h o l i c c o t t o n p o t ( s t r a i n n o s . 2 8 a n d 2 9 ) wa s s i mi l a r t o t h a t o f t h e b l o o d o f p a t i e n t s 1 9 , 2 0 a n d t h e c a t h e t e r t i p s o f p at i e n t 2 0 ( s t r a i n n o s . 3 0 , 3 1 a n d 3 2 ) . On l y o n e ( s t r a i n n o . 3 6 ) o f 4 P F GE p a t t e r n o f B . c e r e u s i s o l a t e f r o m t h e c a t h e t e r t i p s o f p a t i e n t 2 1 wa s s i mi l a r t o t h a t f r o m t h e b l o o d ( s t r a i n n o . 3 5 ) . M: Mo l e c u l a r s i z e ma r k e r
F i g u r e 3 . Mi c r o t i t e r b i o f i
Evaluation of biofilms formed by B. cereus isolates from patients blood
